The utilization of I-alkenes by Micrococcus cerificans was investigated with respect to characteristic fatty acid profiles resulting from growth at the expense of these substrates. Saturated fatty acids containing even numbers of carbon atoms were produced from l-dodecene and 1-tetradecene. Unsaturated fatty acids related to the parent alkene were not detected. The fatty acid profile from 1-pentadecene utilization resulted in the identification of 14-pentadecenoic acid, indicating preferential methyl-group attack. Studies with 1-hexadecene and 1-octadecene indicated simultaneous methyl-group and double-bond attack. Q-Unsaturated fatty acids related to carbon number of parent alkene and odd-carbon fatty acids one carbon less than the substrate molecule were identified. A mechanism involving double bond epoxidation and oxidative cleavage was supported by measuring the release of formaldehyde. It appears that a dichotomous mechanism is functional in the assimilation of higher carbon number alkenes. These studies were initiated to provide fundamental information relevant to the mode of attack and subsequent oxidation patterns by M. cerificans growing at the expense of diverse 1-alkenes.
Analysis of assimilatory patterns reflecting fatty acid composition of Micrococcus cerificans grown at the expense of diverse alkanes were examined in the previous paper (4) . In the present study, 1-alkenes serve as the sole carbon and energy source for determination of the fatty acid composition of M. cerificans. This correlative series of experiments was designed to complement the fatty acid profiles derived from alkane-grown cells. These molecules possess the terminal double bond which has been interpreted as restricting oxidation at this position, thereby forcing attack at the saturated methyl carbon. Evidence in support of this interpretation resides singularly in the isolation and identification of 15-hexadecenyl palmitate from cultures grown at the expense of 1-hexadecene (6) . The alternative possibility of mechanisms capable of oxidizing the double bond directly is not without precedence. The elegant and extensive studies of van der Linden have confirmed that terminal olefinic bonds are subject to oxidative attack by either alkane-or alkene-grown cells (2) . Recently, Markovetz et al. (5) investigated the oxidation of 1-tetradecene by Pseudomonas aeruginosa. Fatty acids corresponding to the chain length of the parent alkene substrate were tetradecanoic and 13-tetradecenoic acids.
These studies were initiated to provide fundamental information relevant to the mode of attack and subsequent oxidation patterns by M. cerificans growing at the expense of diverse 1-alkenes.
METHODS AND MATERIALS
A description of bacterial strains, culture conditions, extraction procedures for fatty acids, and subsequent analysis are described in the accompanying paper (4). Formaldehyde was measured as described by Burton (1), without pretreatment with periodate.
RESULTS AND DIscussIoN
The ability of M. cerificans to grow at the expense of diverse 1-alkenes is directly correlated to the chain length of the alkene. Chain lengths of less than 10 carbons do not serve as a growth substrate for this organism. Increasing the chain length from 10 through 18 carbons resulted in increased cell yields. Under no circumstances have alkenes produced a cell mass equal to or exceeding that obtained from alkanes. Optimal cell yields are realized with chain lengths 16 carbons or longer, whether alkane or alkene. The observation becomes relevant to the character of fatty acid composition studied with the homologous series of I-alkenes: 1-dodecane, 1-tetradecene, 1-pentadecene, 1-hexadecene, and 1-octadecene.
Fatty acid profiles derived from growth of M.
cerificans at the expense of 1-dodecene ( Fig. 1) and 1-tetradecene (Fig. 2) The fatty acid profile from 1-pentadecene utilization is shown in Fig. 3 A second functional pathway appears possible, i.e., an oxidative attack at the double bond resulting in the direct synthesis of a saturated carbon fatty acid.
Fatty acid profiles from 1-hexadecene utilization (Fig. 4) Analysis of 1-octadecene-grown cells (Fig. 5 ) resulted in tentative identification of a polyunsaturated fatty acid. Comparison of retention times with standard 9,12-octadecadienoic acid indicated this polyunsaturated acid to be 9,17-octadecadienoic acid. The 17-octadecenoic acid was also present, suggesting an initial attack at the methyl carbon of 1-octadecene. A conversion of 17-octadecenoic acid via A9 desaturation results in formation of the A9,7 unsaturated acid. The percentage composition for this species represents the major fatty acid present in 1-octadecenegrown cells. The metabolic fate of this fatty acid presents an interesting question representing a fourfold increase over the monounsaturated fatty acid, C18:iA'7. The latter species is interpreted as being the direct fatty acid oxidation product of 1-octadecene with preferential methyl-group attack. The relative importance of the polyunsaturated fatty acid remains uncertain, but two possible interpretations are suggested: (i) this fatty acid species represents the end product of an abortive mechanism, and the organism is unable to utilize this fatty acid as an oxidizable substrate; (ii) the oxidative desaturation of the Al7 monoenoic acid to a A9"7 dienoic fatty acid is a rapid and efficient conversion. However, the subsequent oxidation of the A9"17 dienoic fatty acid is rate-limiting and this product accumulates. Further studies to discern the importance of this product are under investigation.
An additional mechanism supported by the data involves double-bond oxidation and conversion to a saturated fatty acid one carbon less. The percentage composition for Ci7:0 was determined to be 5.24%, with the C16:1 A'5 acid representing 6.39%. Quantitative analysis of these fatty acids was effected with Apiezon L columns to resolve the respective species.
A composite summary of these studies is presented in Table 1 . The lower even-carbon alkenes, 1-dodecene and 1-tetradecene, give rise to a profile containing even-carbon fatty acids. No relationship between the fatty acid composition and the alkene substrate was apparent. This pattern was observed with alkanegrown cells, irrespective of odd-or even-carbon alkane substrates. Interpretation becomes tenuous with respect to the assimilatory mechanisms for these lower-carbon alkanes or alkenes. Fatty acids derived from 1-pentadecene-grown cells contained an inordinately small percentage of odd-carbon acids with the exception of C151 A14 species. This is interpreted as representing an initial oxidative attack at the methyl carbon of the substrate. Further utilization of this acid is not apparent from a study of fatty acid composition.
An anomaly becomes apparent in 1-hexadecene-and 1-octadecene-grown cultures. The appearance of odd-carbon fatty acids in highly significant concentrations has not been detected in previous fatty acid profiles derived from cells grown at the expense of even-carbon alkanes or alkenes. The presence of pentadecanoic and heptadecanoic acids in cells grown on 1-hexadecene and 1-octadecene, respectively, indicates a mechanism whereby the double bond is oxidized and the saturated fatty acid of one carbon less is formed. The specific A9 unsaturation of oddcarbon acids further indicates that these species arise from specific enzymatic processes.
Evidence for accumulation of 1 ,2-diols corresponding to the same chain length as the substrate was not found. Extensive studies by Klug and Markovetz (3) 
